Introduction: The management of Raynaud's phenomenon in its most severe form is challenging, and current medical and surgical treatment methods frequently do not lead to optimal symptom control and prevention of ischemic complications. The aim of the study was to critically evaluate all existing evidence on the use of botulinum toxin A in the management of Raynaud's phenomenon. Material and methods: We adopted the PRISMA methodology and searched Cochrane Library, MEDLINE, SCOPUS, EULAR and ACR congresses abstract archives for Raynaud* AND botulinum toxin OR onabotulinum. All studies that contained reports of botulinum toxin A use and its outcome in Raynaud's phenomenon were included in the review. Results: Eleven studies met our inclusion criteria and involved a total of 125 patients. Two reviewers extracted data from the studies under review and achieved a consensus in their selection. The main outcomes measured were pain reduction and healing of digital ulcers. The level of evidence across studies was very low to moderate. Conclusions: There is insufficient evidence to assess the efficacy of botulinum toxin A in Raynaud's phenomenon. Despite many promising reports, further research in the form of randomized controlled trials is warranted in order to investigate this new treatment method for Raynaud's phenomenon.
Introduction
Raynaud's phenomenon (RP) is one of the common causes of patient consultation with a rheumatologist. It is thought to be an exaggerated physiological response of blood vessels in the extremities to cold and emotional stress. Classical RP involves three phases of color change from pale (vasoconstriction) then cyanotic (ischemia due to stasis of blood) to ultimately red (reactive hyperemia) [1, 2] .
The prevalence of RP is estimated at around 3-5% of the general population with a slight predilection in women [2] . The majority of patients have primary RP, which is idiopathic, usually runs a mild course and by definition is not associated with an underlying connective tissue disease (CTD) [1, 3] . The prevalence of primary RP exceeds that of secondary RP in the proportion of 9 : 1 [4] .
Less frequently, RP occurs as a harbinger of systemic sclerosis (SSc) or other condition and therefore it is called secondary RP. It can lead to ulceration of the fingertips, and in extreme cases to critical ischemia and necrosis of the phalanges. Ischemic complications are frequent in SSc-related RP and never develop in primary RP. This fact could be explained by the structural vasculopathy of SSc that potentiates the effect of RP in this group of patients and therefore renders them more prone to ischemia [1] .
Primary RP can be managed with lifestyle modifications: avoiding cold, minimizing stress, reducing the intake of caffeine, avoiding vasoconstrictive medication and the cessation of smoking [1, 5, 6] . Most patients with primary RP only need pharmacotherapy occasionally, in contrast to patients with secondary RP [5] .
When lifestyle modifications fail, pharmacological or surgical intervention is often employed. Currently RP is managed with dihydropyridine calcium channel blockers (CCB) as first line agents, other therapies being topical glyceryl trinitrate, phosphodiesterase 5 inhibitors, a prostacyclin analogue (iloprost), an endothelin receptor antagonist (bosentan) and surgical sympathectomy [5] [6] [7] [8] [9] [10] [11] .
However, in the most severe cases of RP traditional therapies frequently do not bring satisfactory results. In recent years there have been encouraging reports in the literature on the use of botulinum toxin A (BTX-A) in the treatment of RP. Several research groups have reported a significant improvement in pain reduction, RP symptom severity and healing of ulcers.
The aim of this systematic review is to analyze all available evidence on the effect of BTX-A in RP.
Botulinum toxin A
Botulinum toxin A is a neurotoxin produced by the gram-positive, spore-forming bacilli of the genus Clostridium, but mainly from strains of C. botulinum. It is a 150 kDa protein consisting of a heavy chain and light chain connected together by a disulfide bridge. In humans BTX-A is endocytosed at the presynaptic nerve terminals and its zinc-dependent protease domain cleaves SNAP-25 (synaptosomal-associated protein 25). The loss of this protein prevents exocytosis of acetylcholine-rich presynaptic vesicles to the synaptic cleft and, therefore, abolishes signal conduction in afflicted cholinergic neurons [12] .
In addition, evidence shows that BTX-A also targets noncholinergic neurons. Its inhibition of neurotransmitters such as substance P, glutamate and calcitonin-gene related peptide has been the rationale for its most recent applications in the management of chronic pain [12] . In an experimental study using rodents, BTX-A was also demonstrated to block sympathetic nerve conduction and thus reduce vasoconstriction, which is the most plausible mechanism explaining its usefulness in RP [13] .
Botulinum toxin A has found many cosmetic as well as medical applications since its first use in the 1990s, mainly in neurological and musculoskeletal disorders such as torticollis, migraines, headaches, detrusor overactivity, spasticity in the setting of a stroke, paraplegias and dystonias. Other uses include strabismus, blepharospasm and hyperhidrosis [14, 15] .
Review methods
We adopted the PRISMA methodology for this systematic review [16] 
Data synthesis
The initial search of MEDLINE, COCHRANE, SCOPUS, EULAR and ACR abstract databases yielded 152 articles, which were narrowed down to 117 after eliminating duplicates. A careful analysis of titles and abstracts found 11 studies (including one in French) that met our inclusion criteria, of which 10 full texts were available and 1 was a conference poster. The study selection process is illustrated in the flowchart ( Figure 1) . A ClinicalTrials.gov and CENTRAL search of clinical trials involving the use of BTX-A in RP patients resulted in finding one completed study, one ongoing and one not yet started (as of July 29 th 2014). Studies included in the review ranged from two single [17, 18] and six series of case reports [19] [20] [21] [22] [23] [24] , through two open label trials [25, 26] and ultimately one randomized controlled trial (RCT) [27] and involved 125 patients in total. Within this population, 38 (30%) patients were diagnosed with primary RP and 87 (70%) with secondary RP, 57 (46%) of whom were diagnosed with systemic sclerosis and 6 (5%) with mixed connective tissue disease. In terms of methodology, 4 studies were prospective [20, [25] [26] [27] and 7 retrospective [17] [18] [19] [21] [22] [23] [24] . Median time from intervention to time of outcome assessment in prospective studies was 5 weeks (range 1-10) [20, [25] [26] [27] . The stu dies differed with respect to outcomes used, doses and sites of BTX-A injection as well as the subjects' underlying diseases. All studies are summarized in Table I .
Throughout the evaluated studies the inclusion criteria were described using different wording but all included severe symptoms of RP with or without ischemic complications not responding to conventional medical [17, 19, [21] [22] [23] [24] 26] or surgical therapy (i.e. cervico-dorsal or digital sympathectomy) [17] . Four studies did not reveal patient drug and surgical history, while in 6 this information was partial [19, [22] [23] [24] 26] and in 3 studies it was complete [17, 18, 21] . In 9 out of 11 studies the RP symptoms were severe enough despite currently available therapy, in 1 study BTX-A was a primary modality of treatment [18] , and in an experimental study by Stadlmaier et al. this information was missing [20] .
Four reports did not contain exclusion criteria [17] [18] [19] [20] , very possibly due to the retrospective design of the studies [17] [18] [19] , but those which did included typical contraindications for BTX-A, namely: allergy, pregnancy, myasthenia gravis and mild RP [27] and/or vaso-occlusive disease of the extremity [22] [23] [24] [25] .
The sites of BTX-A injection were also inconsistently described across studies; however, in all but one (where the wrist was also used [22] ) the study authors concentrated on neurovascular bundles of digits and/or the superficial palmar arch. Fregene et al. compared different injection siteswrist, along the neurovascular bundles of digits and the distal part of the metacarpus -and found no advantage of one over the others [22] . The toxin was injected into selected digits [19, 22] , into one hand, while the other served as a control [26, 27] , or into both hands [17, 18, 20, 21, [23] [24] [25] .
Different outcomes were reported in the reviewed studies, but most involved pain assessment, ulcer healing, hand perfusion measurement and function. Pain was measured using the Visual Analogue Scale (VAS) or by patient self-assessment. Perfusion was assessed either subjectively as color change or measured objectively using laser Doppler perfusion imaging (LDPI) or a thermometer. Hand perfusion and function were inconsistently described among the included studies and, therefore, difficult to compare. Nonetheless, the authors presented evidence of increased digital temperature [21, 27] , improved blood flow in LDPI [17, 19, 23, 24] , improvement in Disabilities of the Arm, Shoulder and Hand (DASH) score [25, 26] , blood saturation [22, 25] and general improvement of RP symptoms and their frequency [20, 21] in patients treated with BTX-A. The efficacy of BTX-A in pain reduction or ulcer healing is difficult to assess quantitatively due to incomplete reporting of data, thus precluding a proper meta-analysis. Researchers who measured pain using the VAS report its decrease in 85-100% of patients by a mean ranging from 20% to 90% [20-22, 25, 26] . Similarly, healing of ulcers was reported in 75-100% of patients, with an average of 48-100% of ulcers healed [17, [21] [22] [23] [24] [25] [26] .
The BTX-A effect on a treated hand was immediate in 84% of patients according to Neumeister [23] . The duration of the effect of BTX-A in alleviating RP symptoms was on average 4 months (1.5-6 months) according to Uppal et al. [26] , which confirms previous reports [21, 23] . In the latter The reported adverse events of BTX-A treatment were mild and transient. Injection-related pain was not reported beyond the treatment day [22] . Between 9% and 27% of patients suffered hand muscle weakness that resolved within 2-3 months [21-23, 25, 26] . There were no serious adverse events reported in the literature.
The only completed randomized controlled trial (RCT) pilot of BTX-A use in RP (ClinicalTrials. gov NCT01233999) was undertaken by Jenkins et al. [27] . Patients were randomized to receive BTX-A injections into either hand, while the contralateral hand was injected with saline as a control. A significant increase of digital pulp temperature was demonstrated with no difference in cold recovery times after 20-second ice bath immersion. Pain and ulcer healing was not reported. We contacted the author of this study, asking whether it was going to be continued, and we were informed that it is unlikely in the foreseeable future.
A randomized double-blind placebo-controlled trial by Neumeister et al. registered at ClinicalTrials.gov (NCT01309802) evaluating BTX-A efficacy in RP is currently underway. The study involves patients with both primary (n = 20) and secondary (n = 20) RP randomly assigned to treatment with BTX-A (100 U per hand) or placebo. The primary endpoint is the number of pain-free days and pain intensity at baseline and 28 days after BTX-A injection. Secondary outcomes include: quality of life, hand function assessed by the QuickDASH score, patient satisfaction, tissue perfusion measured by LDPI and quality-adjusted life-years. The authors aim to follow up patients for up to 5 years to determine the long-term effects of BTX-A treatment including ulcer healing and the need for retreatment [28] .
Another double-blind RCT evaluating the BTX-A effect on 40 secondary RP patients with systemic sclerosis is planned to start in September 2014 (NCT02165111). Its primary endpoint is blood flow to the fingers, as measured by non-invasive LDPI, whereas secondary endpoints include pain (VAS), healing of existing digital ulcerations and/ or prevention of new areas of digital ulceration, as well as assessment of RP's symptom severity using a number of scores (Raynaud's Condition Score, Quick-DASH, McCabe Cold Sensitivity) at periodic visits over a four-month period [29] .
Discussion
The studies reviewed vary greatly in design and methodology. All studies consist of small groups of patients, lack standardization of injection sites as well as outcomes, and 7 out of 11 of them are retrospective. Thus the level of evidence across studies according to GRADE ranges from very low to moderate, as no large double-blind RCT has been completed so far. Nevertheless, all of them claim good efficacy and a highly acceptable safety profile of BTX-A injections for severe RP.
Despite being a lethal neurotoxin, BTX-A in clinical use has an excellent safety profile and few side effects. Immunologic phenomena such as urticaria or anaphylaxis are exceedingly rare. Unintended transient muscle paralysis and complications typical of any subcutaneous drug injection may occur [12] .
The risk of bias in studies reviewed is high due to a lack of controls and a failure to ensure blinding of patients and health providers, except in the pilot RCT by Jenkins et al. [27] . We found no studies registered in either CENTRAL or ClinicalTrials.gov that were completed or stopped and not published, so publication bias is not likely.
There are also ethical concerns in designing RCTs. As Van Beek et al. pointed out, it would be unethical not to provide treatment that can potentially reverse ischemia and prevent autoamputation in patients with digital ulcers [21] .
Although the studies follow different injection protocols, they all have the digital neurovascular bundle at one level or another as their target. Due to the heterogeneity and paucity of studies, there is insufficient evidence to determine whether the treatment effect of BTX-A is dose or injection-site related. An expert consensus on the optimal injection protocol associated with minimal side effects would benefit future studies on BTX-A in RP.
Some of the outcomes used by the researchers despite their objectivity (digital hand temperature, LDPI) are not clinically relevant. Research into the efficacy of BTX-A and other interventions in RP could be enhanced by the uniform application of clinically important endpoints, such as healing of digital ulcers, the length of the ulcer-free period, pain as measured using the VAS, and the length of the pain-free period. The criteria could be chosen using the Delphi method by an international group of experts associated with rheumatology societies such as the ACR (American College of Rheumatology) and EULAR (European League Against Rheumatism).
It is possible that some patients may have been incorrectly classified as having primary RP when in fact they had ischemic complications and therefore by definition should be diagnosed with secondary RP, possibly due to systemic sclerosis. Connective tissue diseases pose diagnostic challenges even to experienced rheumatologists; therefore other specialists performing BTX-A injections may not have been aware of the patients' underlying conditions. It is difficult to predict which patient groups would benefit most from the use of BTX-A. The reviewed studies focus on secondary RP patients with severe symptoms and frequent ischemic complications, in whom conservative pharmacologic and surgical methods have failed to control RP. In this group the need for optimal treatment is desperate. However, little is known about the potential use of BTX-A in primary RP, which is more of a nuisance than a serious disorder. Similarly, one may ask what is the appropriate place of therapy with BTX-A: as first line, second-line or add-on therapy. The reviewed studies use BTX-A as addon therapy except one case report [18] , so we have no evidence on how onabotulinum could be used as a first or second line treatment modality.
The long-term efficacy of BTX-A should also be assessed in order to determine the frequency of need for re-treatment, as the effect is known to wane over time.
There is a pressing need for further research in this area, and there are sufficient data to justify conducting an RCT including large groups of patients with RP. Such a trial would provide the high-quality evidence that is necessary for clinical decision-making.
It is hoped that the ongoing study by Neumeister et al. in primary and secondary RP [28] and the study by Lifchez in secondary RP patients with systemic sclerosis [29] will provide answers about the clinical efficacy of BTX-A as well as its longterm effect on RP symptom control and trophic complications in respective groups of patients.
In conclusion, severe RP unresponsive to medical therapy is a significant problem for the patient and the rheumatologist. BTX-A injections, which are minimally invasive and have a low rate of complications, have the potential to become a breakthrough in the treatment of patients with severe RP. Although the results of the majority of studies of BTX-A efficacy in RP conducted so far were favorable, current evidence is not strong enough to either prove or disprove its efficacy. Therefore, new RCTs are needed in order to confidently assess this form of treatment.
